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vriT ^^'^^^"""c^J composiuons coauining liposomes formed from phospoolipids in the presence of blood cioiung facioi 
viji (aati-beaiophilic tactor) have been found to be active on otal administration by increasing the factor VUl blood piasma ieS 
ve^ 1 ae lavenuon relates to sucii pliarmaceutical compositions and to methods for the preparation thereof 
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The present invention relates to a pharaaceutical 
composition containing antihemophilic factor (factor VIII) 
as an active substance, as well as to a orocess for the 
preparation thereof- 

Hemophilia A is a disease in v/hich clottins: factor 
'/Ill is present as an inactive genetic varation. In 
Von vvilleorand' s disease clotting factor VIII is present 
in the blood plasma in low concentrations. Both of the 
diseases are characterised bv abnormal bleedins: tendencv. 
The bleedings may be life-threatening, but may also lead 
to serious invalidity, among others by hemarthrosis and 



muscular atrophy. 



Therapy consists of administration of factor VIII. 
This can be effected via the intravenous route onlv, 
because factor VIlI is very much susceptible to attack by 
proteolytic enzymes. Therefore, oral administration .of 
factor VIII does not result in uptake thereof in the blood. 
Administration of factor VIII is used in case of bleedings 

prophylactically , before surgical operations or in. 
situations of increased bleeding risk (for. example in 
practising sports). The disadvanta^re of this v/av of 
adjaxnistration is the necessity of vena puncture. Although 
there are patients capable of injecting themselves, the 
requirements of sterility and of technique of vena 
puncture are of .such a nature that, in most cases, help in 
a medical centre is needed. Further, the necessary vena 
puncture is sometimes difficult, such' as ?7ith obese 
patients or with patients having cicatricated veins due to 
repeated puncture* Therefore, oral treatment of hemophilia 
is highly desirable. 

It was found that oharmaceutical comocsitions 
containing anti-hemophilic factor (factor VIII) as an 
acuive substance are effective on oral administration if 
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The inventioa also relates to a ijrocess for ore oar-i 
a Dhariaaceut ical compcsitioix ccntainini^ anti-iieinoDnilic 
factor (factor V'lII) as an active substance. This process 
is characterised by the fact that phospholipid liDcsomes 
are formed in the presence of factor VIII. Generally', this 
process is carried out hy susDendine; a DhosDholinid in an 1 
aqueous solution of factor- VIII, This sus-pendiix^ operation 



reference can he made to Vox Sanguinis 30 (197&) pages 
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may be effected with the aid of ultrasound but also, ouite I 
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0 easily, by dissolving the phospholipid in a volatile 
solvent, such as ethanol, bringing the solution into a 
flask and concentrating the solution in the flask in such 
a way that the phospholipid is deposited as a thin layer 
on the inner v/all of the flask. A milkv susDension of 

5 liuo^cmes will be formed by adding an aqueous solution of 
factor VIII and, after addition of some glass beads, 
swinging vigorously ♦ The liposoiues may be removed by 
centrif ugation and, if desired, may be re-suspended in 
water or in a physiological salt solution. The liposome | 

0 suspension may be processed fuxther to form a liquid 
mixture for oral administration which may contain, for 
example, taste corrigentia. Also, the concentrated or 
diluted liucsome susDension mav be broug:ht into soft 
gelatin capsules. It is also possible to prepare 

5 comiDCsiticns which Dass the stomach unchansred and become 
active only in the intestines. 
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Plasma fractions enriched with resnect to factor VIII | 
may be prepared in various ways. In this connection . | 

li 



0 1-22. In Dractice a Dlasma fraction eririched with respect i 



to factor VIII may be obtained most readily by keeping 
plasma for some time at a low temperature. This results 
in the formation of a DreciDitate which may be removed 
by centrifugation. The precipitate is called | 
crycprecipitate and it is excellently suitable for use in 
the present compositions. Cryoprecipitate contains 
fibrinogen as well. Surprisingly it was found tha 
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la*^er oa the inner v/ali of the ilask. To oae of the flasks i 
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vvauerjsu duibd^ in unis vvay une iiDias ren-ain as a unm 

P 

flask. To one of the flasks ^ 
100 ml 01 an isotonic (0.9% 03/ weight of NaCl) solution of 
an enriched factor VIII preparation ( AKP-Konzentrat SRS 
5 (hunian) ; Sentral Lao.or.atoriuia Blutspendedienst SHX 

Switzerland; "10 ml of lyophilised preparation contains 
about 230 U of factor VIII) are added, as v/eil as some | 
glass beads. The mixture is svamg vigorously by hand until |? 
the lipid film is removed from the wall (5 to 10 minutes). | 
10 The milky suspension obtained is centrifuged at 27.000 
X g during 20 minutes which results in floating o,f the 
liposomes. The lower liquid layer is added to another 
flask and is shaken again in the presence of glass beads 
until the formation of the liposomes is complete* After 
15 centriiu^^ration, the amount of non-trapped factor VIII | 
"cresent in the Icv/er liquid layer, mav be determined* The | 
liposome fractions of 'both of the centrxf ugations are * 
mixed* The mixture is suitable for oral administration as 
such .or after dilution with, physiological salt solution | 
20 and/or addition of taste corrigentia, | 

•lJ" 

In this process the amount of factor VIlI entrapped | 
was about S0%. The amount of fibrinogen entraoDed was only 
25% which means an er^ichment with respect to., factor VIII. 
Factor VIII v/as essayed with the "one stage" method 
23 of Veldkajiip (Thrombos. Diathes haemorrh. 1^, 279 ('t96S))* 
Results . 



A tvx:ical exDeriment is illustrated in the attacnea 
drawing. At time 0 (fasting patient) 800 units of factor 
VIII were administered per 6s in the form of the 
30 composition obtained as described above* This results in | 
ah increase of the factor VIII lev.el^in the plasma to 
about ^\Cf/o of the normal value. The plasma level remains 
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above about 5% o£ the normal value during 50 hours, 
is remarked in this connection that a factor VIII level 
35 of y 5% is regarded to be a status of light hemophilia, | 
that is to say, a clinical picture in which spontaneous 
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bleedings occur very rarely only* Thus, the low" dosis | 
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1. Fnarmaceuticai compositioa contaiiiing anti- 
hemophilic factor (factor YIII) as asi active substance, 
characterised in that the composition is s-uitable for or 
administration and that factor VIII is incoroorated in 
liposomes fornLed from phospholipids, 

2. Composition according to claim 1, characterised 
in that the liposomes have been formed from phospholipid 
and a nett charged lipid- ' 

3. Composition according to claim 1 or 2, 
characterised in that the phospholipid is egg lecithin* 

4. Composition according ,to claims 1 - 5i 
characterised in that the nett charged lipid is a 
ohosohatidic acid. 

5* Composition according to claim 4, characterised 
in that the oho s"ohatidic acid is a natural ohosDhatidic 
acid having oleic acid, .pali^itic acid and stearic acid 
radicals as fatty acid constituents* 

6, A process for preparing a pharmaceutical ccmposi 
tion containing ant i— hemophilic factor (factor VIII) 

as an active substance, characterised, by forming 
phospholipid liposomes in the presence of factor VIII* 

7. The process of claim 6 characterised by suspen- 
ding a phospholipid in aji aqueous solution of factor VII 

5. The process of claim 5 or 7? characterised by 
suspending a phospholipid and a nett charged lipophilic 
substance in an aaueous solution of factor VIII* 

8* The process of claims 6-8, characterised in 
that the phospholipid is egg lecithin* 

10* The orocess of claims 6-8* c haracterised in 
that the nett charged lipophilic substance is a phospha- 
tidic acid* 

11, The orocess of claim 10, characterised in that 
the ohcsohatidic acid is a natural ohosohatidic acid 
containing oleic acid, palmitic acid and stearic acid 
radicals as fatty acid constituents. 
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Kevcrsc transrormation seemed to affeci onlv tumour 
^ells, smce no eiTeci was observed in the normal skin 
mucosae, or other epithelial tissues. The selective 
cnaracier of this action ecplained the absence of toxicifv 
ot ihioproiinc treatinent. 

The lack of activity of thioproline in experunental 
iranspianted rodcni tumours was not considered a se-- 
bacK. Sena] transpiantation might have caused imoor- 
tani modihcations of ceil membranes which, while 
apparently not affecting tumour growth and response to 
cytotoxic drugs, might have impaired the response -o ^he 
normal ■ regulatory mechanisms of cell functioa\hat 
aepend on membrane receptors. 

Requests for rcpHuts should be addressci rn A R n 
Oncology. Hospunl General do Astr£ S!^o^ 
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ORAL TREATxMENT OF HiEMOPHILIA A BY 

GASTROINTESTINAL ABSORPTION OF 
FACTOR Vin ENTRAPPED IN LIPOSOMES 



H. C. Hemker 

A. D. MULLER 



W. Th. Hermens 

R. F. A. ZWAAL 



^ Department of Biochemistry, Biomedical Centra, 
State University of Limburg, Maastricht, Netherhfids 

Summary Facfor-VIII-loaded liposomes were given 

orally to a paiient with severe hjetnophi- 
lia A. Plasma concencrations of factor VIII rose to thera- 
peutically effective levels, that persisted for 50 hours, 

INTROOUCTION 

•H/^.MOPHiLrA A is caused by a sex-linked congenital 
lack of functional coagulation factor VIII. Coagulation 
factor VIII is a plasma protein, as yet not well character- 
ised but associated with a protein complex with a mole- 
cular weight of 2 000 000. In current treatment and 
prophylaxis of haemophilia A, partly purified prepara- 
tions of this protein are administered intravenously. We 
describe a preparation consisting of liposomes loaded 
with factor VIII that, when administered orally to a 
ha:mophilic patient, produced, a rise in plasma factor 
VIII procoagulant activity. 

Liposomes are artificial structures that consist of mul- 
tiple conct^niric bilayers of phospholipids.* Proteins may 
be entrapped in the interstices between the bilavers ^ 
When hposornes are prepared in the presence of an 

enzyme, 5-15% of the enzyme or 
enzyme-protem may become enclosed in these struc- 
tures.- Liposome-entrappcd proteins entered intact 
cells ana msulin-ioaded liposomes administered orallv 
caused a drop in biood glucose in diabetic rats.' Becaus'e 



TK!£ LANCKT,JAMiAKV ,12, 1980 

factor VIII has been reported to interact hvdrcphobi- 
caiiv with phospholipids when involved in biood coa^^M- 
iation/' we thought that ii might be possible orcfere- 
tially 10 aosorb factor VIH-^on phospholipids and in this 
way obtain liposomes with a high factor-VHI content -n 
v/hich factor VIII was relatively stable. 

Despite problems associated with oral administration 
of matter contained in liposomes,^ we thoueht chat 
because of the specific binding of factor VIII To lipids 
administration of facior-VHMoaded liposomes to a 
na^mophihc paiient might raise the plasma factor VIII 
content. 



METHODS 

We prepared factor^ Vlll-loaded liposomes by shaking a hxc 
tor y^UI solution with glass beads in a fiask, the wall of which 
had been coated with phospholipids. A 200 ml round-bouomcd 
flask was coated with 250 mg of egg lecithin containing 5% 
(w/vv) of phosphatidic acid, by addition of lecit.hin in echanoi 
and evaporation of the solution (o dryness in a rotarv evapora- 
tor under reduced pressure. Then. 5 mi of the factor'vill solu- 
tion and a few glass beads were added and the flask was shaken 
gently until ail bpid was removed from the fiask wall. 

The suspension obtained was cenirifuged for 30 rnin at 
27 000 if at lO^C which caused the liposomes to fioat. The 
aqueous phase was taken out with a hypodermic syringe and 
usea to make a second liposome preparation as' described 
above. Both liposome preparations were pooled and washed 
once with isotonic saline followed by cehtrifugation at 50 000 
g for 10 min. The liposomes were pelleted and diluted to a 
volume of 50 ml with isotonic saline before oral administra- 
tion. A more detailed description of the method has appeared 
elsewhere.* 

We used factor VIII prepared by crvoprecipiiadon (AHF 
colf^c^^?^ ^^^"^ [human], Zentral Lab. Biutspendedicnst 
SKK, Switzerland), The [ccGZ^ricd material in each ampoule 
was dissolved in 8 ml of twice-distiiled water^ and ihls viclded 
a preparation containing 7-5 mg/ml of fibrinogen and '43-45 
units of factor VIII per ml (one unii of facior VIII is defined 
as the amount contained in 1 ml of fresh nomiai plasma). 

1 he supernatant of the saline wash was combined with the 
infranatani Ruid obtained after the second entrapment and 
factor VIII and nbrinogch were determined. It seemed that this 
fluid contained 19-22% of the original factor VIII and 
76-79% of the fibrinogen. This shows that ihe Uposoine prep- 
aration is indeed prefereniially enr,iched with facior VIII, 
probably because of interaction between factor VIII and the 
lipid bilayer shells. 



RESULTS 

Plasma factor-VIII activity rose on all three occasions 
when a liposome preparation of facior VIII was given 
before breakfast to a patient with severe harmophilia 
(mean factor VIII level when not on treatment less than 
0-5% of normal; no circulating antibodies). The results 
in one of the three experiments are shown in the accom- 
panying figure. Plasma concentraiions after the same 
amount of factor VIII had been administered intra- 
venously are also shown. The patient, had hematuria 
before ingestion of the liposome preparation; this disap- 
peared on the day of the experiment and returned on the 
third day after the experiment. Plasma facior-VIII acti- 
vity did not rise when either liposomes or factor VIII 
were administered separately. 

Some of the facior VIII admmistered in the liposomes 
appeared in the plasma as factor-VIII activity. It took 
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